Combining point correlation maps with self-organizing maps to investigate atmospheric teleconnection patterns in climate model data by Hunt, F.K. et al.
AFRICAN	   MONSOON:	   FORTE	  
shows	   a	   more	   localized	   African	  
monsoon	   pa9ern	  with	   a	   greater	  
connec<on	  to	  the	  equatorial	  east	  
Pacific	   than	   with	   the	   Indian	  
Ocean.	   This	   is	   probably	   because	  
the	  base	  points	  over	   the	  African	  
con<nent	  are	  not	  contribu<ng	  to	  
this	  cluster	  pa9ern	  for	  FORTE.	  
ClustN 7, freq: 5.0%
 
 















ClustF 7, freq: 13.9%
 
 















ClustF 7 − ClustN 7, same:dif  0.92 : 1.85
 
 















ClustN 8, freq: 3.6%
 
 















ClustF 8, freq: 4.7%
 
 















ClustF 8 − ClustN 8, same:dif  0.43 : 0.88
 
 















ClustN 3, freq: 1.5%
 
 















ClustF 3, freq: 2.9%
 
 















ClustF 3 − ClustN 3, same:dif  0.68 : 1.18
 
 















ClustN 4, freq: 10.0%
 
 















ClustF 4, freq: 8.0%
 
 















ClustF 4 − ClustN 4, same:dif  0.80 : 0.00
 
 
















NCEP/NCAR	  -­‐	  FORTE	  
FORTE	  
ClustN 3, freq: 1.5%
 
 















ClustF 3, freq: 2.9%
 
 















ClustF 3 − ClustN 3, same:dif  0.68 : 1.18
 
 















ClustN 4, freq: 10.0%
 
 















ClustF 4, freq: 8.0%
 
 















ClustF 4 − ClustN 4, same:dif  0.80 : 0.00
 
 















ClustN 19, freq: 2.9%
 
 















ClustF 19, freq: 2.2%
 
 















ClustF 19 − ClustN 19, same:dif  0.55 : 0.20
 
 















ClustN 20, freq: 5.3%
 
 















ClustF 20, freq: 3.6%
 
 















ClustF 20 − ClustN 20, same:dif  0.66 : 0.03
 
 















ClustN 23, freq: 6.1%
 
 















ClustF 23, freq: 6.3%
 
 















ClustF 23 − ClustN 23, same:dif  0.82 : 0.21
 
 















ClustN 24, freq: 14.2%
 
 















ClustF 24, freq: 15.4%
 
 















ClustF 24 − ClustN 24, same:dif  1.00 : 0.08
 
 















ClustN 17, freq: 6.6%
 
 















ClustF 17, freq: 2.2%
 
 















ClustF 17 − ClustN 17, same:dif  0.28 : 0.05
 
 















ClustN 18, freq: 0.5%
 
 















ClustF 18, freq: 0.0%
 
 












ClustF 18 − ClustN 18, same:dif  0.00 : 0.00
 
 












ClustN 11, freq: 4.9%
 
 















ClustF 11, freq: 0.0%
 
 












ClustF 11 − ClustN 11, same:dif  0.00 : 0.00
 
 












ClustN 12, freq: 2.6%
 
 















ClustF 12, freq: 2.2%
 
 















ClustF 12 − ClustN 12, same:dif  0.60 : 0.25
 
 















ClustN 1, freq: 2.8%
 
 















ClustF 1, freq: 1.8%
 
 















ClustF 1 − ClustN 1, same:dif  0.42 : 0.22
 
 















ClustN 2, freq: 2.0%
 
 















ClustF 2, freq: 2.2%
 
 















ClustF 2 − ClustN 2, same:dif  0.88 : 0.21
 
 















INDIAN	  MONSOON:	  There	  are	  no	  grey	  hits	  on	  this	  cluster	  
so	   FORTE	   does	   not	   reproduce	   this	   Indian	   Monsoon	  
pa9ern	  (shown	  below)	  at	  all.	  Instead	  the	  base	  points	  that	  
should	   contribute	   to	   this	   pa9ern	   in	   FORTE	   map	   to	   an	  
Indian	  Ocean/Antarc<ca	  dipole	  (cluster	  7,	  FORTE	  pa9ern	  
shown	  above),	  sugges<ng	  there	  may	  be	  errors	  in	  the	  way	  
FORTE	  handles	  convec<on	  in	  the	  Indian	  ocean.	  
NORTH	  ATLANTIC	  OSCILLATION:	  Note	  how	  the	  inverse	  
NAO	   pa9erns	   are	   on	   opposite	   sides	   of	   the	   SOM.	   The	  
FORTE	   pa9ern	   is	   more	   zonal	   than	   NCEP/NCAR	   and	  
features	  a	  nega<ve	  correla<on	  with	   the	   Indian	  Ocean,	  
not	  seen	  in	  the	  NCEP/NCAR	  data.	  
Method	   Introduc<on	  
Teleconnec<ons	   are	   one	   of	   the	   main	   sources	   of	   inter-­‐annual	   to	  
inter-­‐decadal	   varia<ons	   in	   weather	   and	   climate	   and,	   because	   of	  
their	   medium	   term	   impact,	   are	   informa<ve	   when	   producing	  
seasonal	   and	   long-­‐range	   forecasts.	   As	   the	   climate	   changes,	   the	  
spa<al	  and	  temporal	  structure	  of	  teleconnec<ons	  may	  change,	  so	  it	  
important	   to	   understand	   present	   day	   teleconnec<ons	   and	   how	  
they	  are	  represented	  in	  climate	  models.	  	  
This	   study	   iden<fies	   teleconnec<on	  pa9erns	   in	  60	  years	  of	  NCEP/
NCAR	   sea	   level	  pressure	   (SLP)	   reanalysis	  data	   (Kalnay	  et	   al.	   1996)	  
and	   uses	   these	   pa9erns	   to	   assess	   the	   skill	   of	   the	   medium	  
complexity	  climate	  model	  FORTE	  (Sinha	  and	  Smith,	  2002;	  Wilson	  et	  
al.,	  2009).	  
We	   use	   a	   new	  method	   combining	   point	   correla<on	  maps,	   which	  
iden<fy	   the	   rela<onships	   in	   gridded	   data,	   with	   a	   self-­‐organizing	  
map	   (SOM)	   (Kohonen,	   1982),	   which	   groups	   the	   large	   number	   of	  
correla<on	   maps	   into	   teleconnec<on	   types,	   arranges	   them	  
topologically	  (similar	  pa9erns	  are	  close	  together,	  different	  pa9erns	  
are	  far	  part)	  and	  provides	  a	  measure	  of	  frequency	  of	  occurrence	  for	  
each	  pa9ern.	  See	  the	  box	  on	  the	  le]	  for	  details.	  
Results	  
The	  SOM	  iden<fies	  many	  of	  the	  well	  known	  teleconnec<ons,	  some	  
of	   which	   are	   shown	   below,	   along	   with	   their	   corresponding	  
loca<ons	  on	  the	  SOM.	  The	  bo9om	  le]	  and	  top	  right	  corners	  of	  the	  
SOM	   both	   represent	   the	   North	   Atlan<c	   oscilla<on.	   As	   these	  
pa9erns	   are	   made	   from	   correla<on	   maps	   with	   base	   points	   in	  
opposite	  centers	  of	  ac<on	  (shown	  by	  yellow	  contours)	  the	  pa9erns	  
are	   inverted.	   The	   SOM	   located	   them	   on	   opposite	   sides	   because	  
they	  are	  opposite	  to	  each	  other.	  Similar	  pa9erns,	  such	  as	  the	  Indian	  
and	  African	  Monsoons	  are	  located	  next	  to	  each	  other	  on	  the	  SOM.	  
Comparing	   the	   distribu<on	   of	   hits	   on	   the	   SOM	   (black	   and	   grey	  
hexagons	   show	   NCEP/NCAR	   and	   FORTE	   hits	   respec<vely)	   reveals	  
how	   well	   FORTE	   reproduces	   the	   observed	   teleconnec<ons.	   For	  
example	  cluster	  2,	  near	  the	  top	  le]	  of	  the	  SOM,	  which	  corresponds	  
to	  the	  North	  Pacific	  oscilla<on,	  is	  reproduced	  well	  by	  FORTE,	  with	  a	  
frequency	  of	  occurrence	  of	  2.2%	  compared	  to	  NCEP/NCAR’s	  2.0%.	  
The	  FORTE	  pa9ern	  and	  the	   loca<on	  of	   the	  base	  points	  are	  also	   in	  
good	  agreement.	  In	  contrast	  FORTE	  provides	  no	  hits	  for	  the	  Indian	  
Monsoon	   cluster	   (top	   center	   of	   the	   SOM),	   indica<ng	  
teleconnec<ons	  in	  this	  region	  are	  poorly	  represented	  by	  FORTE.	  	  
Discussion	  
The	   combina<on	   of	   correla<on	   maps	   with	   SOMs	   can	   iden<fy	  
teleconnec<ons	   in	  a	  gridded	  dataset	  and	   iden<fy	   the	   regions	   that	  
are	   important	   for	   their	  existence.	  The	   frequency	  of	  occurrence	  of	  
any	  given	  pa9ern	   in	   the	  original	  dataset	   is	  useful	  when	  aiming	   to	  
understand	  the	  influence	  of	  a	  pa9ern.	  
Using	  the	  method	  to	  compare	  NCEP	  and	  FORTE	  shows	  that	  FORTE	  
is	  able	  to	  produce	  realis<c	  teleconnec<on	  pa9erns,	  albeit	  generally	  
too	  zonally	  orientated,	  with	  geographically	  variable	  skill.	  The	  Indian	  
Ocean	   is	   a	   weak	   area	   for	   FORTE,	   while	   the	   North	   and	   equatorial	  
Pacific	   and	   North	   Atlan<c	   are	   reasonably	   well	   reproduced.	   The	  
accuracy	  of	  frequency	  of	  occurrence	  is	  variable	  between	  pa9erns.	  	  
Future	  Work	  
This	  method	  will	  be	  used	  to	  evaluate	  teleconnec<on	  representa<on	  
in	  a	  subset	  of	  the	  CMIP5	  suite	  of	  historical	  runs	  and	  to	  inves<gate	  
how	   the	   structure	   of	   teleconnec<ons	   are	   projected	   to	   change	   in	  
the	   future.	   Addi<onal	   variables	   will	   be	   included,	   such	   as	  
geopoten<al	   height,	   temperature	   and	   precipita<on,	   to	   gain	   an	  
understanding	  of	  the	  impacts	  and	  3D	  structure	  of	  teleconnec<ons.	  
Freja	  Hunt,	  Joel	  Hirschi	  and	  Bablu	  Sinha.	  Na<onal	  Oceanography	  Centre,	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Contact	  
freja.hunt@noc.soton.ac.uk	   SOM	  trained	  with	  NCEP/NCAR	  SLP	  point	  correla<on	  maps.	  Colour	  blocks	  show	  clusters.	  
Size	  of	  hexagons	  propor<onal	  to	  number	  of	  hits,	  black:	  NCEP/NCAR,	  grey:	  FORTE	  
NORTH	   PACIFIC	   OSCILLATION:	   This	   is	  
captured	   very	   accurately	   by	   FORTE,	   with	  
the	  main	  difference	  a	   stronger	   connec<on	  
to	  the	  North	  Atlan<c	  in	  the	  FORTE	  pa9ern.	  
NORTH	  ATLANTIC	  OSCILLATION:	  
FORTE	   captures	   the	   polar	   aspect	   of	  
the	  NAO	  but	  the	  North	  Atlan<c	  center	  
is	  shi]ed	  to	  the	  North	  Pacific,	  possibly	  
as	   fewer	   Icelandic	   base	   points	   are	  
included	  in	  the	  FORTE	  pa9ern.	  
EL	  NINO/SOUTHERN	  
OSCILLATION:	  
The	   NCEP/NCAR	  
pa9ern	  captures	  the	  
seesaw	   of	   pressure	  
between	   the	   east	  
P a c i fi c	   a nd	   t h e	  
western	   Pac ific/
Indian	   Ocean.	   In	  
c o n t r a s t	   FORTE	  
shows	   more	   of	   a	  
dipole	   rela<onship	  
between	   the	   south	  
P a c i fi c	   a nd	   t h e	  
Southern	  Ocean	  and	  
Antarc<ca.	  
NCEP/NCAR	  -­‐	  FORTE	  
FORTE	  frequency:	  8.0%	  
NCEP/NCAR	  frequency:	  10.0%	  
NCEP/NCAR	  -­‐	  FORTE	  
FORTE	  frequency:	  2.2%	  
NCEP/NCAR	  frequency:	  2.0%	  
FORTE	  frequency:	  13.9%	  
NCEP/NCAR	  -­‐	  FORTE	  
FORTE	  frequ ncy:	  2.2%	  
NCEP/NCAR	  frequency:	  6.6%	  
NCEP/ CAR	  -­‐	  FORTE	  
FORTE	  frequency:	  6.3%	  
NCEP/NCAR	  frequency:	  6.1%	  
NCEP/NCAR	  -­‐	  FORTE	  
FORTE	  frequency:	  3.6%	  
NCEP/NCAR	  frequency:	  5.3%	  
NCEP/NCAR	  frequency:	  4.9%	  
Combining	  point	  correla<on	  maps	  with	  self-­‐organizing	  maps	  to	  inves<gate	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